REMARKS 

In view of the above amendments and the following remarks, reconsideration of the rej ections 
contained in the Office Action of August 28, 2002 is respectfully requested. 

The Examiner has requested the Applicants' cooperation in correcting any errors of which 
the Applicants may be become aware in the specification. In view of this request, the entire 
specification and abstract have now been reviewed and revised. As the revisions are quite extensive, 
the amendments to the specification and abstract have been incorporated into the attached substitute 
specification and abstract. For the Examiner's convenience, a copy of the marked-up original 
specification and abstract is also enclosed, and the marked-up pages are captioned "Version with 
Markings to Show Changes Made." The substitute specification and abstract includes the same 
changes as are indicated in the marked-up copy of the original specification. No new matter has been 
added by the revisions. Thus, entry of the substitute specification is respectfully requested. 

The Examiner has rejected claims 1-40 under 35 U.S.C. § 1 12, second paragraph, as being 
indefinite. In particular, the Examiner has cited several examples of informal or vague language that 
renders the scope of the claims unclear. In view of these rejections, original claims 1-40 have been 
cancelled and replaced with new claims 41-80. Although the new claims correspond to the original 
claims and the scope of the new claims has not been narrowed, the new claims have been drafted so 
as to address the rejections under 35 U.S.C. § 112 and so as to fully comply with all of the 
requirements of 35 U.S.C. § 1 12. Therefore, it is respectfully submitted that the Examiner's rejections 
under 35 U.S.C. § 1 12 are not applicable to the new claims. 

The Examiner has rejected claims 1-40 under the judicially-created doctrine of double 
patenting in view of U.S. Patent No. 6,346,915 (the '915 patent). However, this double patenting 
rejection is respectfully traversed for the reasons set forth below. 

The '915 patent is directed to a plasma processing method and apparatus that is somewhat 
similar to the present invention. In particular, the ? 91 5 reference teaches that the gas supply device 
2 supplies gas into the vacuum chamber 1 during plasma processing. However, the '91 5 patent does 
not claim or even teach that gas is introduced into the interior of the vacuum chamber through a hole 
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in a dielectric tube attached to a metal body fixed to the vacuum chamber. Furthermore, the f 915 
patent does not claim or even teach an apparatus including a dielectric tube having a gas supply hole 
formed therethrough, and being operable to allow the gas supplied to the vacuum chamber by the gas 
supply device to pass through the gas supply hole so as to enter the vacuum chamber. Since each of 
the new claims 41-80 recite either introducing the gas through a hole in a dielectric tube, or a 
dielectric tube having a gas supply hole formed therethrough, and since the Okamura reference does 
not claim or even teach this feature, the Examiner is respectfully requested to withdraw the double 
patenting rejection. 

The Examiner has rejected claims 1 -40 as being unpatentable over the Tsukamoto reference 
(USP 5,868,848). However, as indicated above, original claims 1-40 have been cancelled and 
replaced with new claims 4 1 -80, including new independent claims 41,56,57, and 72. Although the 
scope of the original claims has not been narrowed in drafting the new claims, it is submitted that the 
invention recited in the new claims is clearly distinguishable from the prior art. Thus, for the reasons 
discussed below, the Examiner's rejection is respectfully traversed, and it is submitted that new claims 
41-80 are clearly patentable over the prior art of record. 

New independent method claims 41 and 56 recite that a gas is introduced into an interior of 
a vacuum chamber through a hole in a dielectric tube. In addition, new independent apparatus claims 
5 7 and 72 recite that the plasma processing apparatus comprises a dielectric tube having a gas supply 
hole formed therethrough, and which is operable to allow the gas supplied to the vacuum chamber 
by the gas supply device to pass through the gas supply hole so as to enter the vacuum chamber. 

As explained on page 2, line 1 5 - page 3, line 8 of the original specification, the flow of gas 
into a vacuum chamber during plasma processing of a substrate creates a hollow cathode discharge. 
In conventional plasma processing methods and devices, this hollow cathode discharge causes 
deterioration of the gas supply hole, and also causes contamination of the substrate with metal 
particles eroded from the gas supply hole by the hollow cathode discharge (see page 3, lines 4-8 of 
the original specification). In view of these problems, the present invention is directed to a plasma 
processing method and apparatus, in which gas is introduced into the vacuum chamber through a 
dielectric tube. Therefore, as explained on page 19, line 16 through page 20, line 4 of the original 
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specification, the hollow cathode discharge is significantly reduced or eliminated. As a result, 
deterioration of the gas supply hole, and contamination of the substrate being processed, is also 
significantly reduced or eliminated. 

The Tsukamoto reference discloses a plasma processing apparatus in which gas is supplied 
into a vacuum chamber 2 through diffusion holes 22 in an upper electrode 2 1 (see column 4, lines 35- 
44). However, the Tsukamoto reference does not disclose or suggest that gas is introduced into the 
interior of the vacuum chamber through a hole in a dielectric tube, or disclose or suggest a plasma 
processing apparatus that comprises a dielectric tube having a gas supply hole formed therethrough, 
and which is operable to allow the gas supplied to the vacuum chamber by the gas supply device to 
pass through the gas supply hole so as to enter the vacuum chamber. Therefore, because the 
Tsukamoto reference does not disclose or suggest a gas supply hole in a dielectric tube for allowing 
passage of gas into the vacuum chamber, one of ordinary skill in the art would not be motivated to 
modify the Tsukamoto reference in order to obtain the invention recited in new claims 41-80. 
Accordingly, it is respectfully submitted that new claims 41-80 are clearly patentable over the prior 
art of record. 

In view of the above amendments and remarks, it is submitted that the present application is 
now in condition for allowance. However, if the Examiner should have any comments or suggestions 
to help speed the prosecution of this application, the Examiner is requested to contact the Applicants' 
undersigned representative. 



WDH/lgs 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
February 28, 2003 



Respectfully submitted, 




Registration No. 447142 
Attorney for Applicants 
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SPECIFICATION 

FEB 2 8 MOTILE OF THE INVENTION 

Plasma Processing Method and Apparatus Thereof 

BACKGROUND OF THE INVENTION 

The present invention relates to a plasma 

processing method and an apparatus thereof for use in 

manufacturing electrode vices and micro machines made of 

semiconductors ( and- othe r s). 

In recent ye^^nin f il™ processing technique 
using plasma processi^ecome^more and more important in 
the field of manufacturing semiconductor electron devices 

and micro machines . 

As one example of prior art plasma processing 
methods, plasma processing with use of an induct^ely 
coupled plasma source will be described hereinbelow |wig 
reference to Fig. 8. In Fig. 8, a specified ga| & 
introduced from a gas supply device 2 into a vacuum ch|mbi: 
1 while being exhausted therefrom by a pump 3 seeing §s an 
exhauster to keep the vacuum/ chamber 1 withi^ipecif ied 
pressure. Under such a condition, high-frequency power of 
13.56 MHz can be supplied by a high-frequency power sourc^ 
to a coil 23 to generate plasmffiin the vacuum 



m 
o 
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chamber 1, to perform plasma processing of a substrate-7 
mounted on a substrate electrode 6. In addition, there is 
25 provided a high-frequency power source for substrate 
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electrode 8 for supplying high-frequency power to the 
sujxsrrace electrode 6, which enables control of ion energy 
^^)the substrate 7. It is . noted that the coil 23 is 
disposed on top of a dielectric window 24. The gas is 
introduced into the vacuum chamber 1 through a plurality of 
gas supply holes 25 provided on a metal ring 16 which 
constitutes part of a side wall of the vacuum chamber 1. 

However-, in order to^improve fine processability 
and ehlarg^p/ocessing area^/ow of gas to be used in 
processing should be increase^nd^f^ejsl^g should be 





performed under lower pressor^ wteKrh ' t^ids to induce 
abnormal electrical discharge called hollow cathode 
discharge in gas supply holes 25 in the prior art plasma 
process^ 

lescription of the hollow cathode discharge is as 
followsT Inderal, the surface of a soMB\ in contact 
with plasma|f is negatively electrified due t^dlfference in 
thermal velocity between an electron and an ion, so that 
the solid surface obtains direct electric fields which send 
away electrons from the solid surface. In a space 
surrounded with the solid surface, like the W ide of ^ 

gas supply hole th e prior art(^endency 

~ pTO-SotWO^^ 




25 



(^^^^^ vb elections VwitjJ- the solid surface is. 
due to the presence of the direct electric f ield ^ wh4^h ■ 
prolongs a lifetime of the electrons, resulting in 
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generation of high-density plasmas (for exa^le^fj^ 100 
MHz) inside the gas supply, hole 25. (rgwffiFepferated 
electric discharge is called hollow cathode discharge. 

The hollow cathode discharge generated in the gas 
supply/hole 25 causes deterioration of the gas supply hole 
(the lapse of time causes gradual increase of the diameter 
of the hole) 25 and contamination of a substrate by metal 
substances constituting the gas supply hole 25. 
It is empirically indicated 




gradient in the vicinity of the gas supply ' hole A? tend t0 
induce . hollow/cathode discharge. In addition^ rger gas 
flow rate ani^l/wer pressure .in the vacuum chamber 1 also 
tends to induce hollow cathode discharge. Accordingly, 
15 ^-improvement of fine processab^Ilty and implementation of 
(Warger processing area requir^^rger flow rate of gas for 
use in process£nJ\ and processing under lower pressure, 
which clarifies ^Importance of solving the issue oQ/ollow 
cathode discharge in the gas supply hole 25. 

SUMMARY OF THE INVENTION 

In view of the conventional issue stated above. 



an object of the present invention is to provide a plasma 
processing method and an apparatus thereof which decreases 
25 induction of hollow cathode discharge in the gas supply 
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hole. : 

in accomplishing these and other aspects, 
according to- a. first aspect of the present invention, there 
is provided a plasma processinj gjnethod_ comprising^^ ? 

^Introducing a gas intbT^acuum chamber through a 
hole of a dielectric tube attached to a metal body fixed to 
the vacuum chamber while exhausting from the vacuum chamber 
to keep the vacuum chambe r_ within a jpecified pressurefe 
app ^ y ^ ( ^h^q^ with a f«cy 



10 ranging from. 100kHz to SGHz^o^lasma source ^^4^ so 
as to face a substrate mounted on a substrate electrode in 
the vacuum chamber to generate plasma* in the vacuum 
chamber to perform plasm*yocessing of the substrate. 

According to g/aspect of the present invention, 
15 there is provided a plasma processing method as defined in 
the first aspect, wherein (^high-frequency power with a 
frequency ranging from 100kHz to 3GHz is applied to an 
antenna serving as the plasma source with a dielectric 
plate interposed between the antenna and the vacuum chambe, 
5il antenna and the dielectric plate protrude 




the vacuum chamber. 

According to a second aspect of the present 



25 



invention, there is provided a plasma processing method as 
defined in the first aspect, wherein the high-frequency 
power is applied to an antenna serving as the plasma source 
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through a penetrating Hole given near a center of the 
dielectric P lat<£, the ) antenna and the vacuum chambei 

short-circuited. ^ith^HSrt pins through penetrating holes 
which are given at an area located not in j a center nor a 
vicinity of -the dielectric plalg^hd which are disposed at 
approximately equal intervals around a center of the 
antenna . 

According to a third aspect of the present 
invention, there is providedj^plasma processing method as 
defined in the firs>- aspect, ) wherein a substrate is 
processed in a state!* tteSft" a/plasma distribution on the 
substrate is controlled by a circular and groove shaped 
plasma trap provided between the antenna and the vacuum 
chamber. 

According to a fourth aspect of the present 
invention, there is provided plasma processing method as 
defined in the f ir»£ asoecU wherein a substrate is 
processed in a stat 





plasma distribution on the 



substrate is controlled by a groo^aped p^^^ 
provided^between\the antenna anj^the^tietal boc(y, wfexefe^isja^ 




to 



ft^Tfc/^A- ftf/Q -TH-C 




the plasma trap 



According to a fifth aspect of the present 
invention, there is provided a plasma processing method 




introducing a gas into a vacuum chamber through a 
hole of a dielectric tube attached to a facing electrode 
provided so as .to- face a substrate electrode in the vacuum 
chamber while exhausting from the vacuum chamber to keep 
the vacuum chamber w^hin a specified pressure^ atf» 

High-fpequertcy^toower with a frequency 
\ * / ■ (\S Mtv& / 
ranging from lOOknVto sk^t^e substrate electrode or 

the . facing electrode to generate plasmagf in the vacuum 
chamber to perform plasma processing of the substrate. 
L0 According to a sixth aspect of the present 

invention, there is provided a plasma^processing method as 
defined in the first aspect, wherein^as supply flow rate 
per hole given to the dielectric tube is 200sccm or less. 

According to a seventh aspect of the present 
15 invention, there is provided a plasmaT^jrocessing method as 
defined in the first aspect, Wherei(^as supply flow rate 
per hole given to the dielectric tube is 50sccm or less. 

According to an eighth aspect, of the present 
invention, there is provided a plasma processing method as 
20 defined in the first aspect, wherein the gas is a mixed gas 
mainly composed of an argon gas. 

. According to a ninth aspect of the present 



invention, there is provided a plasma processing method as 
defined in the first aspect, wherein pressure in the vacuum 
25 chamber is lOPa or less. 
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According to a 10th aspect of the present 
invention, there is provided a plasma processing method as 
defined in the first aspect, wherein pressure in the vacuum 
chamber is lPa or less. 
5 . . According to an 11th aspect of the present 

invention, there is provided a plasma processing method as 
defined in ' the first aspect, wherein a frequency of the 
high-frequency power applied to the plasma source, the 
substrate electrode or the facing electrode is 50MHz to 
10 3GHz. 

According to a 12th aspect of the present 
invention, there is provided a plasma^cessing method as 
defined in the sixth aspect,/; wherei^a* supply flow rate 
per hole given to the dielectric tube is 200sccm or less. 
15 According to a 13th aspect of the present 

invention, there is provided a plasma/pYocessing method as 
defined in the sixth aspect, wherei^gis supply flow rate 
per hole given to the dielectric tube is 50sccm or less. 

According to a .14th aspect of the present 
20 invention, there is provided a plasma processing method as 
defined in the sixth aspect, wherein the gas is a mixed gas 
mainly composed of an argon gas. 



According to a 15th aspect of the present 
invention, there is provided a plasma processing method as 
25 defined in the sixth aspect, wherein pressure in the vacuum 
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chamber, is lOPa or less. 

According to a 16th aspect of the present, 
invention, there is provided a plasma processing method as 
defined in the sixth aspect, wherein pressure in the vacuum 

5 chamber is lPa or less. 

According to a 17th aspect of the present 
invention, there is provided a plasma processing method as 
defined in the sixth aspect, wherein a frequency of the 
high-frequency power applied to the plasma source, the 

10 substrate electrode or the facing electrode is 50MHz to 
3GHz. 

According to an 18th aspect of the present 
invention, there is provided a plasma processing apparatus 
comprising^f^-n 

15 <T^icuum chamber capable of maintaining a vacuum 

state; ^r"3 

Q gas supply device for supplying a gas into the 

vacuum chamber; 

4n exhauster for exhausting the gas from the 

. 20 vacuum chamber; ^~~~) 

Q substrate electrode for mounting a substrate in 




the vacuum chamber; 

plasma source provided so as to face the 

substrate electrode; 
25 C^high- frequency power source for supplying high- 





frequency power with a frequency ranging from 100kHz to 
3GHz to the plasma source; and 

<<T dielect7ic~^ubT^ving a gas supply hol«, 

tached to VttieraT^Qdy fixed to the va< 
pss-aBigzibef (J-as y through the gas supply 

the gas is su^ptleT^o the vacuum chamber by the gas supply 
device. 

According to a 19th aspect of the present 

invention, there is provided a plasma processing apparatus 

as defined in the 18th aspect, wherein a dielectric plate 

is interposed between the vacuum chamber and an antenna 

• „ rOj»«!TTia soured jarxA the antenna and the 

serving as the plasma souro^^^ 

dielectric plate ^protrude^Wthfe vacuum chamber. 

According to a 20th aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 19th aspect/ wherein high-frequency power 
is supplied to the antenna through a ^ene^at^g hole given 
near a center of the dielectric plafce^a^ Thej antenna and 
the vacuum chamber are short-circu>fced_-*rir€h short pins 
through penetrating holes which are given at an area 
located not in a center nor a vicinity of the dielectric 

plate -and— which , -ar.e ..disposed at approximately equal 

intervals around a center of the antenna. 

According to a 21st aspect of the present 
invention, there is provided a. plasma processing apparatus 
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as 



defined in the l^^Tpect, wherein a substrate is 
processed in a stat^N** M plasma distribution on the 
substrate is controllelTTiy* circular and groov^aped 
plasma trap provided between the antenna and the vacuum 
chamber. 

According to a 22 nd aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 18th aspect,: wherein the metal. body is a 
ring that constitutes a part of. a side wall of the vacuum 
chamber. 

According to a 23rd aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 21st aspect, wherein the metal body is a 
ring disposed so as to constitute a plasmai trap between the 

metal body and the antenna. 

According to a 24 th aspect of the present 
invention, there is provided a plasma processing apparatus 
comprising: 

CT~vIcuum chamber capable of maintaining a vacuum 

state; 

CTgas supply device for supplying a gas into the 

vacuum— ehamber-;- 

^n~ "exhauster for exhausting the gas from the 

vacuum chamber; 

CTsublJtrate electrode for mounting a substrate in 



11 - 





the vacuum chamber; 

(Tr~fIcTn^ electrode provided so as to face the 

substrate e lectrode; 

^high- frequency power source for supplying high- 
frequency power with a frequency ranging from 100kHz to 
3GHz to the substrate electrode or the fac ing electrode; W°J z? 
^"'dielectric tube having a gas supply Yiole^ 

(r° v^ttJhed to a »*txrt>body fixed to the f acin /^f^|^i^T^ 
the Ms v though the gas supply hV^tl^^ v wh e ^^ 
^hTlas-Ts^supplied to the vacuum chamber by the gas supply 

device. 

According to a 25th aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 18th aspect, wherein the dielectric tube 
15 is a bolt screwed in a tap given to the metal body or the 
facing. electrode. 

According to a 26th aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 18tiixaspect, "here^a the dielectric tube 
20 has a spot facing f o^^rewdriver o^/rench on a side of an 
inner. wall of the vacuum chamber for rotating and screwing 
the. dielectric tube in the metal plate or the facing . 
electrode. 

According to a 27th aspect of the present 
25 invention, there is provided a plasma processing apparatus 
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as defin^-irr-tshe 18th aspect, wherein the dielectric tube 

^_^j ^^d^ >y °- 5 to 20nuctl from a surface of the metal 

body or the facing electrode. 

According to a 28th aspect of the present 
invention, there is provided a. plasma processing apparatus 
as deji^ed~ihs the 18th aspect, wherein the dielectric tube 
PfUffctfOfc ) ^ ^ iQinm from a surface of the meta l body 

or the facing electrode. 

According to a 29th aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 27th or 28th aspect, wherein the 
dielectric tube is disposed such that it covers an edge of 
a hole, of the metal body or the facing electrode. 

According to a 30th aspect of the present 
invention, there is provided . a plasma processing apparatus 
as defined in the 18th aspect, wherein the hole of the 
dielectric tube is 0.2 to 2mm in diameter. 

According to a 31st aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 18th aspect, wherein the hole of the 
dielectric tube is 0.4 to 0 . 8mm in diameter. 

According to a 32nd aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 18th aspect, wherein a frequency of high- 
frequency power applied to the plasma source, the substrate 



13- 



electrbde or the facing electrode is 50MHz to 3GHz. 

According to a 33rd aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 24th aspec^^whereln. the dielectric tube 
is a bolt screwed in a tap^^^^^e metal body or the 

facing electrode. 

According to a 34th aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 24th aspect, wherein the dielectric tube 
has a spot facing f oQsjLrewdriver clench on a side of an 
inner wall of the vacuum chamber for rotating and screwing 
the dielectric tube in the metal plate or the facing 
electrode. 

According to a 35 th aspect of the present 
invention, there is provided a plasma processing apparatus 
as ^dj^TTed^T^bhe 24th aspect, wherein the dielectric tube 
t m LVi^rud^^ry)o.5 to 20mm. from a surface of the metal 



body or the facing electrode. 

According to a 36 th aspect of the present 
invention, there is provided a plasma processing apparatus 
^a^e-fln^d~lr^the 24th aspect, wherein the dielectric tube 
(Z^^^^^ 1 to 10mm from a surface, of the metal body 

or the facing electrode. 

According to a 37 th aspect of the present 
invention, there is provided a plasma processing apparatus 
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as defined in the 27th or 28th aspect, wherein the 
dielectric tube is disposed such that it covers an edge of 
a hole of the metal body or the facing electrode. 

According to a 38th aspect of the present 
5 invention, there is provided a plasma processing apparatus 
as defined in the 24th aspect, wherein the hole of the 
dielectric tube is 0.2 to 2mm. in diameter. , 

According to a 39 th aspect <>f the present 
invention, there is provided a plasma processing apparatus 
10 as defined in the 24th aspect, wherein the hole of the 
dielectric tube is 0.4 to 0 . 8mm in diameter.. 

According to a 4 0th aspect of the present 
invention, there is provided a plasma processing apparatus 
as defined in the 24th aspect, wherein a frequency of high- 
15 frequency power applied to the plasma source, the substrate 
electrode or the facing electrode is 50MHz to 3GHz. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects and features of the 
20 present invention will become clear from the following 
description taken in conjunction with the preferred 
embodiments thereof with reference to the accompanying 
drawings, in which: 



-Fig. 1 is a cross sectional view showing 



25 ( ronnt-rnrit-.ion ofj a plasma processing apparatus for use m a 
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first embodiment of the present invention- 
Fig --2--is a detail view showing the vicinity of a 
dielectric use in the first embodiment of the 

present invention; 

Fig. 3 is a plan^/view. showing an antenna for use 
in the first embodiment of the present invention; 

- — A is a- — cross sectional view showing 

b£h Of li i doi uh -gg*/ the present invention is 



applied to a plasma processing apparatus with a surface 

wave plasma source; 

5 is a cross sectional, view showing 

"^J^^^ot the plasma" processing apparatus in a 
modified example of the first embodiment of the present 
invention; 

6 is a cross sectional view showing 
a plasma processing apparatus for use in a 




second embodiment of the present invention; 



Fj. g r"7 i>s a detail view showing the vicinity of a 
dielectrid Jaaafe^Jbr use in the second embodiment of the 
20 present invention; 

Fig^ 8 is a cross sectional view showing 
(j^Sr^n^a plasm, processing apparatus for use in. 

the prior art; j 

■ * ■ ? 
Fig. 9 is a perspective view of the dielectric 

25 V Jd^shy^LCCording to the first embodiment; 
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according to a first modification of the first embodiment^. 

Fig. 11 is a sectional view of a dielectric 
according to a second modification of the first embodiment; 

Fig. 12 is a sectional view of a ; dielectric( s b«5?l 

i 

according to a third modification of the first embodiment; 

Fig. 13 is a perspective view of the dielectric 
^according to the third modification of the first 

embodiment; and /£i/J/t>r>>6 
Fig.. 14 is a sectional view of a dielectricUaasti 

according to a fourth modification of the first embodiment, 




DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Before the description of the present invention 
15 . proceeds, it is to be noted that like parts are designated 
by like reference numerals throughout the accompanying 
drawings . 

Description will how be given of the first 
embodiment of the present invention with reference to Figs. 
20 1 to 3. 

Fig. 1 shows a cross sectional view of a plasma 
processing apparatus for use in the first embodiment of the 



present invention. In Fig. 1, a specified gas re- 
introduced from a gas supply device 2 into a vacuum chamber 
25 1 while being exhausted therefrom by a pump 3 serving as an 
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example of an exhauster to keep the vacuum chamber 1 within 
a specified pressure. Under such a condition, high- 
frequency power of 100 MHz/ can be supplied by a high- 

m antenna 5, as 



frequency power source vfoi 



one example of a" plasma sour^js ^eta^ e^into the vacuum 
chamber 1 to generate plasma^in the vacuum chamber 1 to 
perform plasma processing of a substrate 7 mounted on a 
substrate electrode 6. In addition ^there is prov ided a 
high-frequency power source ( g$Uub^4.L lIlcH.t i HP 8 for 
supplying high-frequency power to the substrate electrode 6, 
which enables control of ipn energy Wefcsd^fche substrate 7 
High-frequency voltage^supplied to the antenna 5 is guided 
by a feed bar 9 to a central part of the antenna 5. A 
plurality of areas located not in the center nor the 
vicinity of the antenna 5 > ^na>- a~.p1 
r^Sn matc^ of the vacuum chamber 1* are^short^Crcuited by 
short pins 10. A dielectric plate 11 is interposed between 
the antenna 5 and the vacuum chamber 1. Through 
penetrating holes provided on the dielectric plate 11, the 



feed bar 9 and the short pins 10 connect^he antenn^S^ti 
the high-frequency power source t€rwL_ .niLLima; 4 



antenna 5 to a vacuum chamber 1, respectively. The surface 
of the antenna 5 is covered with an insulative cover 12. 
< ^^~ i n prmri A plasma trap 15 made up of a groove- 

shaped, spy^tetsfcx^ the .dielectric plate 11 and a 
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dielectric ( ^SSe^ in the vicinity of the dielectric 

plate 11, (md^a/groove-shaped space between the antenna 5 
and a conduction ring 14 in the vicinity of the 

antenna 5. By the gas supply device 2, the gas is 
introduced into the vacuum chamber 1 through ^J^^ UPP ^ y "'^~^ 
hole 18 (See Fig. 2) Pfovidec^^ 

one example of a dielectric tub^ttached^o> metal ring 
16 which co^€ituteT>SPart of a side wall of the vacuum 
chamber ft>hd'has a ring/shaped gas passage 16a therein and 




is made of metal such as aluminum or stainless steel. 

Fig. 2 shows a detail view around the dielectric 
1^7 made of ceramic as one example. On the side of the 
inner wall of th^ vacuum chamber 1, there is provided a 
spot facing f or^screw drive 
and screwing the dielectric 
The metal ring y6~ is equipped with a tap 2( 
the dielectricl bistfhVl7. The 




ee Fig. 9) for rotating 

7 fan 

17(i,*i/the metal ring 16. 



shape of a boltg>. 



, — - — Hrv/D 

1 .1 • "I .,■ I I I 1 I 1 II I 1 1 1 I 





the surface of the metal ring 16. The dielectric 
is disposed such that it cov^f an edge 21 of a 
vided on the metal ring 16 J X/gas supply hole 18 



gwraa oiythe dielectric bush >3SZ is 



metai ring 16 is equipped wiMota' 




diameter. The 



trie bushes 17, 
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making^t possible to blow out gas into the vacuum chamber 
1 iip approximately isotropic direction. Fig. 3 shows a 
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plan^view of the antenna 5. In Fig. 3/ the short pins 10 
are put in three locations. Each of three short pins 10 is 
disposed at equal intervals around the center of the 
antenna 5. 

With the plasma processing apparatus shown in 
Figs. 1 to 3, a substrate having an iridium film was etched. 
Etching was conducted under the conditions of argon gas of 
260sccm and chlorine gas of 20sccm,^p/essure of 0.3Pa, 
antenna power of 1500W, and substrate electrode power of 
400W. . Total- gas flow rate wa^0j20 y^ ccm ' and the 
number of gas supply holes w(sJ^o vJ^ty/s supply flow 
rate per gas supply hole was 280/8 = 35sccm. As a result 
of etching under such conditions, hollow cathode discharge 
^ln each gas supply hole 18 did not occur, and therefore 
/v«/ 0 od discharge condition was obtained. j 

The reason why the hollow cathode discharge could 
be suppressed may be that high-frequency electric fields in 

i 

each gas supply hole 18 were weakened compared to those in 
the prior ayT\ example. It can be considered that an 
inclinationf^/occurrence of the hollow cathode discharge 
is,^l-ar?gely influenced by high-frequency^lectric fields 
^ C ^*°Hhe gas supply holes;> we^(^as^ldc^-y or 



pressure gradient. It can be Vo©Re*^e*^/that (ee^^^ the 
vicinity of each gas supply hole l^fV* dielectric 
subs tknceVand protruding the dielectric by 5mm from 
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the surface of the metal ring ^Jwe^ken high-frequency 
electric fields in an outlet of each gas supply hole 18, 
thereby enabling suppression of the hollow cathode 
discharge. 

The above-described first embodiment of the 
present invention is just one example of a number of 
variations available in the shape of the vacuum chamber as 
well as the shape and disposition of the antenna within an 
applicable range of the present invention. It will be 
understood that diverse variations otherth^n__tne one 

above are available in/ajsp3=ii ill inn the 



exemplified 
present invention. 

In the above described first embodiment of the 
present invention, high-frequency voltage is supplied to 
the antenna through a penetrating hole given near the 
center of the dielectric plate, and the antenna and the 
vacuum chamber ' are short-circuited with the short pins 
through penetrating holes which are ^ivon Ifc a n -nr ^ 
located not in the center nor the vicinity of the 
dielectric plate and which are disposed at approximately 
equal intervals around the center of the antenna. Such 
^m r H» n makes.it possible to increase isotropy of 
plasmaS: In the case of handling a small substrate, the 



present inventior^N ensures ■ sufficiently high mplane 
uniformity withoAt^use of the short pins. 



Further, in the first embodiment of the present 
invention, there ha>heen desoriB^d the case of processing 
the substrate in (t^Atate(*^^^e plasma distribution on 
(^) the substrate was controlled by the circular and groo^^) 
shaped plasma trap provided between the antenna and the 
vacuum chamber^ Such construction contributes to increased 
uniformity 




In the case of handling a small 



substrate, the present invention ensures sufficiently high 
inplane uniformity without (us^ss^/ the plasma trap- 



Th£ present invent; 



"is ^arli 



active when 



using a s — sht: 



s^rra the cdil 23 v in the ' c^e with the 



i nduc t ive±Y 



cupled plasma / sourtfe shown in Fig, 8 



da-s cribin g — bho ^ prior art example- ^an electromagnetic j 

— : tS 

radiation antenna 2 6yin the case with a surface wave plasma 
source shown in Fig, 4. 

<^?5?feh^ 3Cn the first embodiment of the present 
invention shewn^fcove, the metal body with the dielectric 
)eoLded^>s the ring that constitutes a part of the 
side wall of the vacuum chamber, 



effective 
dielectri< 
so as to 



^en7~Xs sho 
wsfirh ^^CTnbedd 



Such— etrnst ruction is also 
g. 5[ jCyhetal body with 
conduction ring 14 f<£ks&&3ed 



a plasma tmp v oetween the metal body 



and the antenna- 

Description will now be given of a second 
embodiment of the present invention with reference to Figs. 



22 - 



6 to 7. 

Fig. 6 is a cross sectional view of a plasma 
processing apparatus for use in the second embodiment of 
the present invention. In Fig. 6, a specified gas is 
introduced from a gas supply device 2 into a vacuum chamber 
1 while being exhausted therefrom by a pump 3 serving as an 
example of an exhauster to keep the vacuum chamber 1 within 
a specified pressure. Under such a condition, high- 
frequency power of 13.56 MH^ can be supplied by a high- 
frequency power source ^^^S^ y^ 8 to a 
substrate electrode 6 to generate plasma$Uh the vacuum 
chamber 1 to perform plasma processing of a substrate 7 
mounted on a substrate electrode 6. There is provided a 
facing electrode 22 that faces the substrate electrode 6 
and has therein a gas passage 22a connected to a plurality 
of holes with taps 20. The gas is introduced into the 




-whamberNl through ✓eT gas s^ppl 
ffy ^r to a j^dlelectric 
dielectric tube, placed o^the facing electrode 22 
x Fig. 7 shows a 
rash Vn made of ceram 



y& (See Fig. 7) 
example of a 




il view around the dielectric 
«p 1 



example. On the side^of t|*e 



inner wall of the vacuum, chamber 1, the dielectri 

' ~A 



has a spot facing ffofcvJcrew driver J^TSee Fig. 9) for 
rotating and screwing the dielectrici^&rah^ in the facing 
electrode 22. The facing electrode 22 is equipped with a 



23. 





tap 20 fo^-js<^eWing in the dielectric 
_ Li o1 

^° ^^u^rtn^by 5mm f^m-thfe, surf^e-^f-t^e^acing 



has the shape of a bolt^ 



isl eUfSyubed Aueiy that 
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electrode 22. The dielectric 
it covers an edge 21 of a hoie pro\£ 
e 22. A gas supply hole 18 



bw*r*17/ is 0.- 




The 



on the facing 
the dielectric 
lectrode 22 is 



equipped with v t/otAyo dielectric \ guoh« /17, making it 
possible to blow out gas toward a substrate in the vacuum 
chamber 1 . 

With the plasma processing apparatus shown in 
Figs. 6 to 7, a substrate having an aluminum film was 




of 20/Fs , ccm, boron trichloride gas of 600sccm, 
OsccmppJessure of SPa, and substrate electrode 



etched. Etching was conducted under the conditions of 
chlorine, 
argon g< 

power oOkW. Total gas flow rate was 200+600+800 = 
leOOsccm, and the number of gas supply holes was 80, so 
that gas supply flow rate per gas supply hole was 1600/80 = 
"Osccrn. As a result of etching under such conditions, 
follow cathode discharge in each gas supply hole 18 did not 
occur, and therefore good discharge condition was obtained. 

The reason why the hollow cathode discharge could 



be suppressed may be that high-frequency electric fields in 
each gas supply hole 18 were weakened compared to^th ose^a 

<^x ' 
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the prior art example. ^U^uT Ll u u uoa de'lCd th^ ^A 
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20 





ccurrence of the hollow cathode discharge 

ctric fields 
s yje>ocT&v or 
j/the 
a dielectric 
by 5mm from 
aken high- 



inclination 

largely influenced by high- frequency 

%|j|A h e g as supply ^gfcjgfc,^ ^ 

pressure gradient. It can be <sw***a«ii.td that (cSIHF^s- 
Vicinity of each gas^supply . hole 1 
Imbstance'and protruding/the dielectrxc\busfe 
the surface of the facing electrode 2: 
frequency electric fields in an outlet of each gas supply 
hole 18, thereby enabling suppression of the hollow cathode 
discharge. 

In the above de^c5ibe& embodiments of the present 
inyewtron. the dielectricV^ssh^is a bolt screwed in the tap 
glvW - lu jbhe mejfe*l body or the facing electrode. However, 




the dielectric 




s not 





;essarily in the shape of a 
bolt, but may be embedded^fco/the metal body or the 
electrode in the shape of a wedge. The dielectric 
the shape of a bolt has an advantage that replacement 
thereof as an expendabte-^component is easy. 

has been described that the 




dielectricVb*ste-h*^a spot facing for^rew driver on the 





.urn chamber for rotating 
h the metal plate or the 
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side of the inner wall of 
-and— sc^re wing— the_di.e lectrlcV 
pacing electrode. However, other than the spot facing for 
rew driver, the present invention may adopt shapes for 
various tools such as wrenches. It goes without saying 





the spot facing is not necessary if the dielectric 

is wedge-shaped. /QtfStbfA) 

As described above/, the dielectrid^RM^®; 



^£^by 5mm from the surface of the metal body or the 
5 f*c±Tig^ectrode. Since an experimental result proves that 
^ ?fl lS^0.5mm or more P rotrUsion ^^ Sirable ' ^ lGn9th 



of protrusion of the dielectricX}*^* preferably within 
this range. However, excess^pptrusion may^ead_to 
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breakage 



dielectric > 



"efore the 



in 



jmra 




-arr 

dielectric^ baehVay preferably ( ^y^^d g^by ^ 
or less. ^Acco^n^, an o ptimum^ len gth of protrusion of 
the dielectrii^/s ^^odJ £^ > about 1 to 10mm, 
which (s23^ ensures suppression of hollow 
discharge and prevents breakage of the dielectric' 
described above, the dielectric 
^^^g)that it covers the edge of the hole provided 
^IhT^al body or the facing electrode. Such 
construction is preferable since^can effectively prevent 
the edge of the hole provided^ the metal body or the 
facing electrode from deteriorating due to exposure to 
plasma^for a long period of time. 

the 
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dielectric Vb^r^is 0.5mm , in diameter^ Since— an 

experiment^ result proves that a smaller hole reduces a 
tendencyC^occurrence of hollow cathode discharge, the 



size of the hole is preferably about 2mm or less. However 
too small a hole increases difficulty in processability, 
and therefore the diameter of the hole is preferably 0.2mm 
or more. Accordingly, an optimum diameter of the hole is 
considered - to be about 0.4. to 0.8mm, which ensures 
suppression of hollow cathode discharge and facilitates 



processing 



■ KT6 ^ e __ 3a ^ g g »-€be ac i iX uuj^th e 6ases 

supply f low /rate— per npie-4c 
supp y ^ wS<*xW> 



"sKe. — gas 
3>oStt>r> 

the dielectric!, b«sK*-w~as 



SSsccm^and^ Osccm? S incg/ an experimental result proves 
tha/pLu^ gas supply, flow rate per hole reduces a 
tendency/fe/occurrence of hollow cathode discharge, gas 
supply flow rate per hole is preferably around 200sccm or 
less. For more secure suppression of hollpg—cathode 
discharge^a-T^upply flow rate per hole (gx^-^oj the 
dielectricC*^^ SOsccm or less. To meet^T" 



such conditions 



lcreas( 



ie numbe 

holes is effectiv^a> well ds iJfecreas 





gas supply 



'Tig' \ 

<siv — S J flow rate in 



plasma processing, 

As described above, : a gas for use in the present 

inverrcio^v is a mixed gajN mainly composed f&^f- ar< ? on <? as - 
^^«ri»^""y pro ^/that a tendency!. ^/occurrence of 



hollow cathode discharge differs by types of gases, and an 
argon- gas considerably increases the tendency. Accordingly, 
the present invention is particularly ; effective when a 
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mixed gas mainly composed of an argon gas is in use. In 
the case of using other gases, the present invention is 
also quite effective for suppression of hollow cathode 
discharge . /j uftoA 

pressure in the vacuum chamber was 0.3Pa anci^SPaf^Sj^ce. 
lower pressure in the vacuum chamber increases a tendency 
reoccurrence of hollow cathode discharge, the present 
invention is effective when the pressure in the vacuum 
10 chamber is 10 Pa or less. The present invention is further 
effective when the pressure in the vacuum chamber is lPa or 

less. (CT~U)>niAj 

T1il.il were . dopefibfed -fche 6ases\v^«3^a frequency 

of high-frequency power applied to the antenna, the 

^s^^eT^c^ocieOr the facing electrode was 100MHz or 

^ 13.56 MHz^ _j n^plasma processing with low pressure, there 

can be used high-frequency power ranging from 100kHz to 

3GHz, and over such a broad range, the present invention is 

effective. However, with a higher frequency of high- 

20 frequency power, electromagnetic waves tend to spread in a 

wider . range, which tends to increase high-frequency 

electric fields in .the gas supply holerr^ Accordingly, the 



present invention is effective wher^jtf>f requency of high 
frequency power is high, . especially in the range from 50MHz 
25 to 3GHz. 
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Fig. 10 is a sectional view of a dielectric 
17A according to a f irst^tfodiMcation of the first 
embodiment: The dielectricUwrthJ^A has a spot facing 17g 

de thereof with the diameter of the spot 

the gas supply hole 
and with the^spo tracing Y\q ^cophected to the gas passage 
16a. The Q^eteaas eybf the gas supply hole 18 is not less 
than 1mm, preferably, so as to surely obtain the above 
effects. 

Fig. 11 is a sectional view of a dielectric 
17B according- — to-^a second mojitfdTc^ionJ^f the first 
embodiment; wh«Pe>he di electric ^bwh^B^ynot protrude^/ 
from the surface of the metal ring 16 in a case where Ar 
gas and the antenna power of 500W or less are used. 

Figs. 12 and 13 are a^-s^ctlpnal view and a 
perspective view of a dielectric ^B^h^l7C accoj 





dielectric bwh^lT^T hasV a v proj efction 17h, instead of a 
screw portion, for engaging (ws£th) a recess 16h. The 

6j of the metal 



projection 17h can pass through a, 
ring l^^ind then the dielectri 




engage the ^o^ebtion 17h wJ4h__th£^recess 



C is^--ro£a~ted toN 



dielectricVbii^^7C is notUiakcrr out /from the meJ^aJTrihg 16 
iri^its^axi^l direction. When the dielectric^ fe»ffh 17-C is 
tajfien^^e^r f rom the metal ring 16, the dielectric^ bj±sh lX^C 
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is rotated to \pr««ert/the projection 17h 



so that the 
metal ring ll 




ric bttsh-vl7C is 
axial direction. 



Fig. 14 is a sectional view of a dielectric V^awh 




17D according- 



fQyjfth-r-niodif ication of^^the\ first 
WjIlj u£ Lin ] 1 1 i i 1 1 i I i 1 n bs^ 77D /W 
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2mfooti-imen/t S wheass 
^ ^uL^u ^^^f^Tthe surface of the metal ring 16 with the 
gas supply hole 18 connected to a gas hole 16i of the metal 
ring 16. 

As is clear from the above description, according 
to the plasma processing method in the present invention, 
the gas is introduced into the vacuum chamber while being 
exhausted therefrom to keep the vacuum chamber within a 
specified pressure. Under such a condition, high-frequency 
power with a frequency ranging from 100kHz to 3GHz is 
applied to the plasma sourc^s)ich as the anteni^(1^Qs33e5_ 
so as to face the substrate mounted on the substrate 
electrode in the vacuum chamber to generate plasma^)in the 
vacuum chamber to perform plasma processing of the 
substrate. In this method, the gasr-ts^supplied to the 
_ _ -feoj the dielectric 
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_ met aT^boiii^, wh i ch implements plasma 

, ~^~k^c^^^^^^ ^ „ — 

procc — inq( K 1 ~+'— y fi^"^p q a f-gmjonny t^ pccurrence of hollow 
cathode discharge in the gas supply hole. 

According to the plasma processing method in the 



c 3 & 



present invention, the gas is introduced into the vacuum 
chamber while being exhausted therefrom to keep the vacuum 
chamber within, a specified pressure. Under such a 
condition, high-frequency power with a frequency ranging 
from 100kHz to 3GHz is applied, to the substrate electrode 
or the facing electrode provided so as to face the 
substrate, electrode in the vacuum chamber to generate 
plasma|/in the vacuum chamber to perform plasma processing 
of a substrate mounted on the substrate electrode. In this 
method, the g^s-^s supplied to the va^uum~^hamber through 
the hole (jlvcii ^fco ) the dielectric (^aeh^imbedded in the 
facing electrode, which-crmplements plasma processing that 
reduces a tendency (^/occurrence of hollow cathode 
discharge in the gas supply hole. 

According to the plasma processing apparatus in 
the present invention, the plasma processing apparatus is 
made up of the vacuum chamber, the gas supply device for 
supplying the gas into the vacuum chamber, the exhauster 
for exhausting the gas from the vacuum chamber, the 
substrate electrode for mounting t^s-NSubstrate in the 
ya^ulSm"~cteimber, the plasma sour oi (such, as the antenna) 
■ /o as to face the substrate electrode, and the 




high-frequency power source for supplying high-frequency 
power with a frequency ranging from 100kHz to 3GHz to the 
antenna. In this device, the gas is supplied to the vacuum 



c 31^ 



chamber through the hole fo33HS5==te©/ the dielectric 
embedded in the metal body, wh^Gfev implements plasma 

ffot ) 

processing that reduces a tendency^b/occurrence of hollow 
cathode discharge in the gas supply hole. 

According to the plasma processing apparatus in 
the present invention, the plasma processing apparatus is 
made up of the vacuum chamber, the gas supply device for 
supplying the gas into the vacuum chamber, the exhauster 
for exhausting the gas from the vacuum chamber, the 
substrate electrode for mounting the^subs^rate in the 
vacuum chamber, the facing electrode We^d/so as to face 
the substrate electrode, and the high-frequency power 
source for supplying high-frequency power with a frequency 
ranging from 100kHz to 3GHz to the substrate electrode or 
the facing electrode. In this device, the gasj^sjipplied 

to the va^OTmt<"3iamber through the hole (gii/cn to/ the 
f $\><>rt)Mb ) ^ 

dielectric b«gft embedded in the facing electrode, which^. 

V^_J-^ (Pol 

implements plasma processing that reduces a tendency 

occurrence of hollow cathode discharge in the gas supply 
hole ... 

Although the present invention has been fully 
descr ibed in connection with the pre ferred embodiments 



thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent . to those skilled in the art. Such changes and 
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modifications are to be understood as included within the 
scope of the present inventidn as defined by the appended 
claims, unless they depart therefrom. 



Version with Markings tq 

ABSTRACT OF THE DISCLOSURE 

A plasma processing method includes introducing a 
gas into a vacuum chamber through a hole of a dielectric 
tube attached to a metal body fixed to the vacuum chamber 
while exhausting from the vacuum cha^jer^J^keepth^^ 
chamber within a specified pressut^ and " applying J^igh- 
fp^quency faower with a frequency ranging from 100kHz to 
>lasma source provided so as to face a substrate 
mounted on a- substrate electrode in the vacuum chamber to 
generate plasma^/ in the vacuum chamber to -perform plasma 
processing of the substrate. 



